The objective of this study was to evaluate needle biopsy of recurrent prostate cancer after radical prostatectomy. We evaluated 37 cases of recurrent prostate cancer after radical prostatectomy that were diagnosed by needle biopsy between March 1984 and July 1998. Fifteen were from consultations in which contributors were uncertain of the diagnosis, and 22 were from men who had come to The Johns Hopkins Hospital for treatment. The median interval from radical prostatectomy to biopsy showing recurrent tumor was 40 months. There was no correlation between the interval to recurrence and either pathologic features of the biopsy and radical prostatectomy or various clinical features. The mean extent of adenocarcinoma in the biopsies was 3.2 mm (range, 0.1 to 18 mm; median, 2 mm). The length of recurrent cancer on biopsy correlated with an abnormal rectal examination (P ‫؍‬ .001). The mean Gleason score for the recurrent tumors was 6.5, which correlated with the grade of the radical prostatectomy cancer (P ‫؍‬ .005). The cancers often lacked overt histologic features of malignancy. Benign prostatic acini were seen in five cases (14%), usually separate from the cancer. In 5 (33%) of the consultation cases, we would not have been able to diagnose cancer if not for the fact that atypical prostate glands should not be present after radical prostatectomy. In well-sampled radical prostatectomies, margins were almost always positive, as was extraprostatic extension. In cases with less sampling, there was a higher incidence of organ-confined disease and margin-negative disease implying suboptimal processing of the radical prostatectomy. After radical prostatectomy, recurrent cancer on needle biopsies may be focal and difficult to diagnose and must be assessed differently than in patients who have not had surgery.
Patterns of failure after radical prostatectomy for adenocarcinoma of the prostate include local recurrence, distant metastases, and a rising postoperative serum prostate-specific antigen (PSA) level with no evidence of local or distant failure. Most studies have concentrated on men who had biochemical evidence of progression as the sole indication of failure (1) . The few reports that evaluated local recurrence concentrated on clinical issues, including (1) the use of radiotherapy to treat local recurrence (2); (2) the need for several biopsies to document local recurrence (3) (4) (5) ; (3) the use of ultrasound, serum PSA, and digital rectal examination to detect local recurrence (3) (4) (5) (6) (7) ; and (4) the sites of local recurrence, including the anastomotic site (66%), bladder neck (16%), retrovesical space (13%), and unknown (5%) (3) .
Several studies also commented on the pathologic stage of the initial cancer at radical prostatectomy (3, 4, 6 -9) . Only a couple of articles have provided any details on the histologic findings of locally recurrent cancer, with information limited to the Gleason score of the recurrent tumor (3, 7) . The objectives of our study were to evaluate the histologic features of recurrent adenocarcinoma of the prostate after radical prostatectomy and to correlate these findings with reviewed clinical and radical prostatectomy data.
MATERIALS AND METHODS
The surgical pathology file of The Johns Hopkins Hospital Department of Pathology was searched from March 1984 to July 1998 for reports containing the word "prostate" combined with any of the other following terms: "recurrent," "bed," "fossa," "anastomosis," "anastomotic," "vesicourethral," and "peri-prostatic region." Clinical and pathologic material was reviewed to select cases that consisted of needle biopsies with recurrent prostate cancer after radical prostatectomy. Needle biopsies with recurrent adenocarcinoma of the prostate were reviewed for the following features: Gleason score; extent of adenocarcinoma; and the presence or absence of nuclear hyperchromasia, nuclear enlargement, cribriform glands, ductal features, crystalloids, blue intraluminal mucin, amphophilic cytoplasm, perineural invasion, and benign prostate glands. Prominent (readily visible) nucleoli were categorized as none, rare, moderate, and numerous. A subjective assessment was made as to whether the biopsy would have been diagnostic of cancer had there been no history of radical prostatectomy.
Thirty-seven cases of needle biopsy with recurrent prostate cancer after radical prostatectomy were evaluated. Radical prostatectomies were performed at The Johns Hopkins Hospital in 12 of 37 (32%) of the cases and were performed at an outside hospital in the remaining 25 cases. Of the radical prostatectomies that were performed at the outside hospitals, the majority of the radical prostatectomy slides were reviewed in 7 of 25 (28%) of those cases, a minority of slides were reviewed in 4 of 25 (16%) of those cases, and only the surgical pathology report was reviewed in 14 of 25 (56%) of those cases. Radical prostatectomy data were reviewed with regard to the Gleason score, extraprostatic extension, surgical margins, and seminal vesicle and lymph node involvement.
Clinical information was obtained from patient records for patients who were treated at The Johns Hopkins Hospital and via telephone interviews with urologists for cases that were diagnosed elsewhere. Subsequently, outside institutions were contacted for pathology reports and slides. Clinical data obtained included interval to recurrence, serum PSA at recurrence, digital rectal examination results, transrectal ultrasound examination findings, and the presence of metastatic disease at the time of local recurrence.
Statistical analysis was performed using a statistics graphic data measurement software program (STATA, College Station, TX). The two-sample t test, rank sum test, and 2 analysis were used to determine whether there were differences between consultation cases and patients who were treated at The Johns Hopkins Hospital. Correlation between clinical and pathologic findings was evaluated by regression analysis.
RESULTS

Clinical Data
Patients ranged in age from 53 to 75 years with a mean age of 65. Data on interval to first recurrence, as determined by the date of the initial documented elevation of PSA, were available for 35 of 37 patients (95%). The PSA level at initial elevation was available for 31 of 37 patients (84%); for 4 patients, information was present on when the first PSA elevation occurred but not the actual PSA level. The median interval from radical prostatectomy to the first biochemical evidence of recurrence was 16 months (range, 0 to 108 months); the postoperative serum PSA level never fell to zero in 2 of 37 patients (5%). The median interval from radical prostatectomy to biopsy of local recurrence was 40 months (range, 3.5 to 132 months). The median serum PSA at time of the first biochemical failure was 0.6 ng/mL (The Johns Hopkins Hospital definition of postoperative biochemical failure is Ͼ0.2 ng/mL), whereas the median serum PSA level at time of biopsy recurrence was 2.0 ng/mL. The digital rectal examination was described as normal in 12 patients (41%), indurated in 6 patients (21%), and revealing a mass in 11 of the 29 patients (38%) for whom these data were available. Transrectal ultrasound was suspicious for recurrent tumor in 10 of 22 patients (45%) whose information was available. Only 3 of 29 patients (10%) whose information was available had evidence of distant metastases, as evidenced by positive bone scans, at the time of local recurrence.
Recurrent Cancer Biopsy Findings
The Gleason scores of the 34 recurrent acinar cancers were as follows: 4 (n ϭ 1); 5 to 6 (n ϭ 20); 7 (n ϭ 10); and 8 to 10 (n ϭ 3) (Fig. 1) . The average Gleason score was 6.5. Three biopsies showed only ductal differentiation (8%) and were not assigned a Gleason score (Fig. 2) . Prominent nucleoli were rare or absent in 14 patients (38%) ( Table 1 , Fig. 3 ). Other histologic findings are depicted in Table 1 (Fig. 4 ). There were no differences in histologic features, with the exception of tumor extent (see below), between the cases that were consultations and those that were from patients who were treated at The Johns Hopkins Hospital. Cribriform glands were present in 12 patients (32%); 2 patients (5%) had cribriforming glands only, and 5 (14%) had more cribriforming glands than individual acini (Fig. 5 ). Benign prostatic acini were present in 5 patients (14%), in most cases separate from the recurrent adenocarcinoma (Fig. 6 ).
In 5 of the consultation cases (33%), we would not have been able to diagnose cancer if not for the fact that atypical prostate glands should not be present after radical prostatectomy (Fig. 7) . Ancillary PSA or prostate-specific acid phosphatase immunostains were used in 5 cases (14%), but in none of the cases were the immunostains essential for the diagnosis.
The majority of the recurrences were in fibrous and smooth muscle tissue; only 4 cases of recurrence in skeletal muscle were (10%) identified. The mean extent of adenocarcinoma in the biopsies was 3.2 mm (range, 0.1 to 18 mm; median, 2 mm). The extent of the adenocarcinoma was smaller in the true consultation cases with a mean of 1.7 mm, as compared with 4.3 mm (t test, P ϭ .04; rank sum test P ϭ .01) for patients who were treated at The Johns Hopkins Hospital.
Radical Prostatectomy Findings
In 34 of 35 cases, radical prostatectomy slides or reports were available for review. The Gleason score of the radical prostatectomy averaged 6.8. Of these 34 cases, 11 had a Gleason score of 5 to 6, 19 had a Gleason score of 7, and 4 had a Gleason score of 8 to 9. The Gleason score of the recurrent cancer on biopsy correlated with the radical prostatectomy Gleason score ( 2 , P ϭ .005). Four radical prostatectomy specimens had focal and two had predominantly ductal adenocarcinoma. Five tumors (15%) were organ confined, 5 (15%) had focal extraprostatic extension, and 25 (71%) had established extraprostatic extension. Seminal vesicles were positive in 6 of 35 of the patients (17%); only 1 patient (3%) had positive lymph nodes at the time of radical prostatectomy (in one case, information on seminal vesicle invasion status was provided, despite a lack of information on other pathologic findings). Margins of resection were evaluated for all of The Johns Hopkins Hospital cases and for all outside cases in which radical prostatectomy slides were reviewed; however, 3 of 14 (21%) of those cases in which only the radical prostatectomy report was available failed to mention margins of resection. Altogether, surgical margins were negative in 9 of 31 cases (29%) with available information, equivocal in 3 of the cases (10%), and positive in 19 (61%). Extensive positive margins were noted in 3 of the 19 cases with positive margins. Of the 19 cases with positive margins, the apical region of the radical prostatectomy was involved in 13 of the cases (68%). Only 1 of the 12 radical prostatectomies that were performed at The Johns Hopkins Hospital (8%) had a negative margin. In that case, the prostate cancer was an incidental finding in a cystoprostatectomy specimen for bladder cancer, and the prostate was not sampled to the same extent (13 slides) as it would have been if it were a radical prostatectomy specimen. Of the outside cases, when the majority of the radical prostatectomy slides were reviewed, one of seven (14%) had negative margins. This compares with 2 of 4 (50%) with negative margins and 8 of 11 (73%) with negative margins in cases with either a limited number of slides available for review or no slides reviewed, respectively.
Correlation Between Clinical and Pathologic Findings
More extensive recurrent cancer on biopsy correlated with a positive digital rectal examination (t test, P ϭ .001). The following correlations reflect an analysis of all patients and a subset analysis of only those patients who underwent surgery at The Johns Hopkins Hospital. Higher serum PSA values at the time of the biopsy did not correlate with greater extent of adenocarcinoma at recurrence or a positive digital rectal examination at recurrence. There was no correlation between the interval to recurrence and Gleason score on the biopsy, Gleason score at radical prostatectomy, extent of adenocarcinoma in the biopsy, serum PSA at the time of the biopsy, extraprostatic extension, positive margins, or positive digital rectal examination at recurrence. A positive digital rectal examination at recurrence did not correlate with radical prostatectomy extraprostatic extension, positive margins, or Gleason score.
DISCUSSION
It has been estimated that after radical prostatectomy for clinical Stage T2A (palpable, unilateral) prostate cancer, 6 to 7% of tumors locally recur (1). However, some of these studies have defined local recurrence as palpable induration at the site of surgery with an elevated serum PSA level and without radiographic evidence of distant metastases (1). Fewer studies have examined the issue of local recurrence documented by needle biopsy. One of the difficulties of studying this issue is that there are no uniform guidelines on when postoperative biopsies should be performed. Practices range from routine biopsies for men who have rising postoperative serum PSA levels to reliance on clinical findings to establish a diagnosis of recurrent prostate cancer. Because of this variance, the findings in this study may not be representative of all men who have recurrent prostate cancer. To account for some of the potential bias, we evaluated separately the patients who were sent in for consultation as opposed to those who came to our institution for therapy. Several investigators have demonstrated the difficulty of diagnosing recurrent adenocarcinoma on biopsy, sometimes requiring the patient to have several needle biopsies over time (3) (4) (5) . There are conflicting studies in the literature of whether transrectal ultrasound or digital rectal examination has greater sensitivity in detecting local recurrence (3) (4) (5) (6) (7) . Our study agrees with those in the literature that found that, with the exception of an elevated postoperative serum PSA level, other clinical findings may not necessarily suggest a local recurrence.
Within the literature correlating radical prostatectomy findings with local recurrence, some of the findings are expected, yet others are not. As expected, a high proportion of patients have advanced disease. The incidences of positive seminal vesicles and/or lymph node metastases range from 27 to 53% (Table 2) (3, 4, 7, 8) . The reason for the somewhat lower incidence in our material (20%) probably relates to patient selection and a tendency for patients who are coming for radical prostatectomy at The Johns Hopkins Hospital to have relatively early clinical stage disease. Radical prostatectomy Gleason scores for men who had local recurrence was on average 6.4 in one study and 7 in another (3, 7), comparable to our data. Although a couple of studies found no correlation between the Gleason score of the radical prostatectomy and recurrence, we did demonstrate such a relationship (5, 7). The lack of correlation reported in the literature may reflect inaccurate grading of the locally recurrent cancer on needle biopsy. Often, this tumor is limited and there is a tendency to undergrade limited adenocarcinoma of the prostate (10) .
The surprising data relating to radical prostatectomy and subsequent local recurrence are in the incidences of organ-confined disease and positive margins. Within the literature, 33 to 48% of the radical prostatectomy tumors associated with biopsy-proven local recurrence were organ confined (Table 2) . With the exception of the study by Connolly in which they stated that they stepsectioned 50 of 61 radical prostatectomy specimens, studies do not provide details on how the prostates were sampled. It is difficult to comprehend how organ-confined prostate cancers could locally recur unless one postulates spread via lymphatics to surrounding local soft tissue. Another alternative is intraoperative manipulation of the gland resulting in local tumor seeding. In our study, only 15% of the patients who had biopsy-proven local recurrence had organ-confined disease. The histologic recognition of extraprostatic extension may be difficult. Furthermore, extraprostatic extension may be focal and present on only one or two histologic slides. In our data, 15% of our tumors showed focal extraprostatic extension, which could have been easily overlooked with limited sampling of the radical prostatectomy specimen. The relatively high proportion of patients who have biopsyproven local recurrence who have organ-confined disease is probably inaccurate and, in large part, reflects undersampling and underrecognition of extraprostatic extension. The other unexpected finding reported in the literature relating to the correlation between radical prostatectomy findings and biopsy-proven local recurrence concerns margins of resection within the original resection specimen. One might anticipate that almost all radical prostatectomies associated with a subsequent local recurrence would have positive margins. However, in the literature, the incidence of positive margins ranges from 47 to 67% (Table 2) . Only two studies stated that either all of the prostates were totally submitted or that in 50 of 61 cases the prostates were step-sectioned; these studies reported positive margin rates of 47% and 66%, respectively (3, 9) . Our data demonstrated a 61% positive margin rate. However, we found that in cases in which there was more sampling, there was a higher incidence of margin-positive disease. Consequently, many of the tumors reported as margin negative associated with a subsequent local recurrence may indeed have positive margins that were not recognized as a result of undersampling of the radical prostatectomy specimen.
It is also somewhat surprising that there was no relationship between findings at radical prostatectomy and the interval to recurrence. One might have expected that with more adverse findings in the radical prostatectomy there would have been a shorter time period to recurrence. This hypothesis was not supported by the findings in our study.
An additional finding in our study was the presence of benign prostatic glands in addition to the adenocarcinoma. Several studies have noted the presence of benign glands in biopsies after radical prostatectomy. Foster et al. (7) reported on eight patients who had benign glands on biopsy after radical prostatectomy. Of six patients who under- The current study demonstrated that recurrent cancer on needle biopsy may be focal and difficult to diagnose. This difficulty is reflected in cases that were sent in for consultation in which the extent of adenocarcinoma in the biopsies was often limited. Another factor that led to diagnostic difficulties was that the usual clues for the diagnosis of prostate cancer often were not present. We believe that there should be a lower histologic threshold for diagnosing recurrent prostate cancer in men who have had a radical prostatectomy. First, these men have a history of prostate cancer, in which rare malignant-appearing glands may be consistent with recurrent cancer yet insufficient to establish a primary diagnosis. This situation is no different from others in pathology in which, for example, Reed-Sternberg cell variants in an appropriate setting is diagnostic of recurrent Hodgkin's lymphoma, yet classic Reed-Sternberg cells are required for the initial diagnosis. Second, the prostate has been removed, such that the finding of a few atypical glands in soft tissue without surrounding benign prostate tissue, as seen in Figure 7 , is not expected and indicates recurrent cancer. Although in 14% of cases we found benign prostate tissue postoperatively, these glands were histologically bland and typically away from the recurrent cancer. Consequently, the presence of a few atypical glands is often diagnostic of recurrent prostate cancer, although those same glands sampled on a needle biopsy of the intact prostate might be called suspicious but not diagnostic of cancer. Although in the current study we did not use immunohistochemistry for high-molecular-weight cytokeratin, this adjunct may be useful in difficult cases. Data from our studies and the literature demonstrate that one cannot rely on the clinical, radiologic, or radical prostatectomy data to establish a diagnosis of locally recurrent prostate cancer. The diagnosis of locally recurrent cancer must be based on a constellation of the histologic findings along with the history of surgery.
